Introduction
Disease management programs educate patients and teach them self-management skills that lead to more healthful lifestyle choices and appropriate use of health care services. These improvements can produce better health outcomes and reduced medical costs. The Disease Management Association of America describes type 2 diabetes as one of the chronic diseases best suited for disease management; most studies have found improved patient outcomes after participation in diabetes management programs (1) (2) (3) .
TRICARE Management Activity, the health care benefits administrator for US military service personnel, covers 9.4 million beneficiaries (active-duty service members, family members, and retirees and their family members); approximately 225,000 beneficiaries who are aged 18 to 64 years and ineligible for Medicare have been diagnosed with diabetes (4) . In June 2007, TRICARE Management Activity contracted with its 3 regional managed care support contractors to implement a diabetes management program for patients whose medical records indicated high use of health care services. To improve patient selection criteria for program eligibility, inform program structure and content, and evaluate diabetes management programs, we assessed TRICARE's disease management program to determine whether and how patient outcomes differed by need for diabetes management (defined by indication of uncontrolled diabetes preceding program participation) and by intensity of program participation (defined by active or passive participation).
Methods

Overview
Patients were eligible to participate in this voluntary, optout program if during the previous 12-month period they had any diabetes-related emergency department (ED) visits or hospitalizations, more than 10 diabetes-related ambulatory visits, or more than twenty 30-day prescriptions for diabetes drugs.
From June 2007 through September 2008, 37,370 patients were automatically selected for enrollment in this program; 11% opted out. Among program participants, approximately 25% chose to receive personalized telephone counseling. Services included a baseline assessment by telephone with a care manager (lasting 40-50 min); monthly telephone calls to educate patients and assess progress toward goals; educational materials (eg, pamphlets, videos, cookbooks); and newsletters and online materials. These patients were categorized as "active" participants. The remaining 75% of patients, categorized as "passive" participants, received newsletters but chose not to receive personalized counseling. All patients could contact care managers by telephone if they had questions about their diabetes, and they could access Internet-based educational resources. Additional information about TRICARE's disease management program is available elsewhere (5, 6) .
The voluntary, opt-out nature of this program, which based eligibility on high use of health care services, introduced 3 phenomena that we considered in the evaluation design. First, selection bias occurs when highly motivated patients are more likely to participate, participate at higher intensity, or more actively manage their disease. Second, regression to the mean occurs when program eligibility is determined by high use of health care services. That is, patient medical costs and health care use tend to decline in the period following program eligibility (even in the absence of a disease management program) when participants are identified on the basis of their high health care use. Third, the opt-out design does not allow for a concurrent natural comparison group to quantify program effect.
We identified a historical control group (HCG) and used this group's information to develop equations predicting outcomes for patients in the absence of a diabetes management program. To estimate program effect, we calculated the mean difference between patients' observed and predicted outcomes.
To create the analytical database, we used a unique patient identifier that linked medical and pharmacy claims from the Defense Health Information Management System Clinical Data Repository, patient characteristics from the Defense Enrollment Eligibility Reporting System, and disease management services received as indicated in the patient tracking information systems of the 3 disease management service providers. An institutional review board (Independent Review Consulting, Inc, Corte Madera, California) approved the study protocols.
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.
Outcome metrics
On the basis of a literature review and data availability, we chose indicators considered best practices for evaluating program performance (7) (8) (9) military transfers and enlistment terminations, did not have diabetes, or previously participated in other diabetes management programs and did not believe they would benefit from participating in this program. Patients who opted out had similar demographic characteristics to those of participants but had slightly higher medical costs in the year preceding program eligibility.
The patient-level analytic file linked medical claims to program participation records. For each patient, we summarized health care use during 2 periods. The identification period was 1 year preceding the eligibility date; the postidentification period varied from 7 months to 15 months after the eligibility date. The outcome variables for each patient, standardized to a 12-month period, take into account a patient's program tenure. Although medical claims for participants were available through March 2009, to control for the time lag in claims processing and adjudication and to ensure we had complete claims data for participants, we allowed a minimum of 6 months from date of service to the final record extraction date and ended the observation period at September 30, 2008.
We categorized patients as having uncontrolled diabetes if they had at least 1 episode of care with the diagnosis code for uncontrolled diabetes (International Classification of Diseases, Ninth Revision, 250.02, 250.03) during the year preceding program eligibility. Although lack of a medical claim with a diagnosis of uncontrolled diabetes does not necessarily mean a patient's glucose level was controlled, for discussion purposes we refer to these patients as having "controlled" diabetes.
Historical control group
The 
Results
Sample characteristics
Of the 29,604 participants in the analytic sample, 12,776 (43%) had indications of uncontrolled diabetes in the year preceding program start ( Table 1) . The rates of active participation were similar for patients with indications of uncontrolled (26%) and controlled (25%) diabetes. A higher proportion of active participants than passive participants were in the managed care plan and had higher preprogram rates of receiving an HbA1c test, retinal examination, and microalbumin urine test. They also had a higher Charlson comorbidity score and higher preprogram health care use and medical costs.
The HCG was similar to the program participant group in demographic characteristics, medical costs, and health care use. However, patients in the HCG had lower rates of receiving appropriate tests, particularly HbA1c and microalbumin urine tests.
Health care use and costs
Because high health care use determined program eligibility, patient health care use and cost outcomes were higher in the year preceding program eligibility than in the year following eligibility (as extreme scores moved toward being less extreme). For the HCG, diabetes-related costs dropped by 28% and total costs dropped by 17% from the preidentification to postidentification period (Table  2 ). However, the decline was even larger for the program participants, who experienced 35% and 20% postprogram declines in annual diabetes-related and total costs, respectively, compared with the year preceding program eligibility. Before adjusting for case mix, these estimates suggest that program participants generated $353 per year less in diabetes-related costs and $408 per year less in total costs than did the HCG group. The decline in diabetes-related costs was largest for patients with prior indications of uncontrolled diabetes, and the decline in total costs was largest for patients with no prior indication of uncontrolled diabetes.
Observed versus predicted outcomes
Program participants with prior indication of uncontrolled diabetes had higher observed diabetes-related costs per year (Table 3 ) and higher total costs per year (Table 4) than did patients with controlled diabetes. However, this outcome was expected, based on prediction equations generated from the HCG group, because patients with uncontrolled diabetes had higher Charlson comorbidity scores than did patients with no indication of uncontrolled diabetes in the year preceding eligibility.
The difference in observed and predicted outcomes (which controls for differences in case mix between subsets of program participants) suggests an average annual reduction in diabetes-related costs of $249 per person overall ( Table 3 ). The reduction was largest among patients with a previous indication of uncontrolled diabetes, whether active ($388) or passive ($392), driven primarily by largerthan-average reductions in use of inpatient services; the smallest decline in average annual diabetes-related costs was for active participants with controlled diabetes ($67) (data not shown). Costs associated with the rise in diabetes-related ambulatory visits and receipt of tests partially offset medical savings associated with the modest decline in use of hospital services. Program participation was associated with receiving an annual HbA1c test, retinal examination, and microalbumin urine test compared with the year preceding enrollment; active participants experienced the greatest improvement.
The average per-person reduction in total costs was $783 per year (Table 4 ). The reduction was largest for active participants with prior indications of uncontrolled diabetes ($1,007) and smallest for passive participants with controlled diabetes ($577) (data not shown). Compared with passive participants, active participants experienced larger declines in inpatient days and ED visits and larger increases in ambulatory visits. For passive participants, medical savings appear to be primarily realized through reduced use of prescription drugs.
Discussion
This study suggests that TRICARE's diabetes management program is associated with modest annual reductions in medical costs and improved receipt of recommended screening. Improvements were largest for active participants with prior indication of uncontrolled diabetes and smallest for patients with no prior indication of uncontrolled diabetes (whether active or passive participants). Active participants had greater improvements than passive participants in the proportion receiving appropriate screening. Increased costs for ambulatory care offset a portion of medical savings from reduced inpatient days and ED visits.
Our estimates of average annual medical savings among all program participants ($249 for diabetes-related costs and $783 for total costs) are within the range of estimates from other diabetes management programs. Published estimates for other programs, which may differ from this program in terms of population served and intensity of services, suggest an average annual per-patient savings of $626 in diabetes-related costs (with estimates ranging from a $2,787 loss to a $4,329 gain) (2,14-16). This average comes from randomized clinical trials, quasi-experimental, and pre-post studies (although the sample sizes in these studies are much smaller than for our study). Studies that used a quasi-experimental design similar to our use of the HCG estimated average per-patient savings to be approximately $1,292 per year (2).
A major contribution of our study is that patients with prior indications of uncontrolled diabetes appear to experience greater program benefits than do patients with no indication of uncontrolled diabetes in the 12 months Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2011/may/10_0163.htm Compared with passive program participation, active participation is associated with larger reduction in inpatient days and ED visits and higher rates of recommended screening. Active participants also experienced larger increases in ambulatory visits and smaller decreases in use of medications. These differences in outcomes by participation intensity were not as pronounced as expected. The voluntary nature of this program, in which patients could choose their participation intensity, warrants caution when making comparisons between active and passive participants. We controlled for differences between active and passive participants, such as active participants' slightly higher preprogram expenditures for diabetes-related health care services, by using prediction equations. In addition, we controlled for differences that likely correlated with patients' motivation to improve their health: active participants had higher rates of receiving at least 1 HbA1c test, retinal examination, and microalbumin urine test annually.
This study had several limitations. Patients could opt out of the disease management program, whereas the HCG had no opt-out component. Anecdotal evidence suggests that many who opted out would have been excluded from the HCG, for example, patients who would soon be leaving the Military Health System. Observed characteristics for the opt-out group were similar to those of program participants. The opt-out nature of this program also meant that there was no similar concurrent control group.
The HCG was part of our study design because comparing program outcomes for TRICARE's disease management program with outcomes from published literature would have posed multiple problems. These include the datedness of published findings and the differences in populations, diseases, program designs, and insurance benefits.
Identifying an HCG that met the eligibility criteria for program participation within the TRICARE health plan limited these issues. By using prediction equations, we could control for differences between the HCG and program participants (17) . A limitation of this approach is that secular trends continue to change health care delivery patterns. To mitigate the potential bias from secular trends we 1) chose an HCG that predated the disease manage program only slightly, 2) used patient preprogram characteristics to predict outcomes after program start, and 3) adjusted past health care costs to 2008 dollars.
Unobservable differences between active and passive participants may explain the smaller-than-expected differences in outcomes. Our study, for example, does not control for the possibility that patients received adequate diabetes counseling from other sources (eg, primary care provider or endocrinologist). Such information is unavailable for both the HCG and the program participants. If patients who already receive good diabetes counseling from other sources are more likely to be passive participants then our prediction equations could overestimate the program's effect on passive participants and underestimate the effect on active participants when comparing observed with predicted outcomes.
Another limitation is the inability to precisely identify patients whose diabetes is controlled. The unavailability of laboratory results (eg, HbA1c results) prohibited us from testing whether patients with extremely high glucose levels benefited from the program more than patients with moderately high glucose levels. Some patients with no diagnosis code for uncontrolled diabetes undoubtedly had uncontrolled diabetes, and some patients with a prior diagnosis of uncontrolled diabetes likely had their diabetes under control at the start of disease management. This inexactness in identifying patients with uncontrolled diabetes may reduce the estimates of program differences by uncontrolled status.
TRICARE's education-based disease management program was associated with modest reductions in annual medical costs and more appropriate use of health care services. Patients with prior indications of uncontrolled diabetes actively participated in the program at the same rate as patients with no indication of uncontrolled diabetes, and they appeared to benefit more from the program, leading to higher cost savings. This finding suggests that patients with indications of uncontrolled diabetes are strong candidates for participation in diabetes management programs. Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2011/may/10_0163.htm
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention. (10) . d All differences between observed and predicted outcomes were significant at P < .0, calculated by using a paired t test. Differences may not be exact because of rounding.
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